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mm^] mmm 

^pf£<t%, im&.±<Dv>mmim^m^mt., ai ^ i n^Ga ^_^_^n 

(0<a^U O^bSl, a + 1) d^e,figS^^Mi:A 1 ^ I n a ^ 
-c-d^ (O^c^l, O^d^l, c + d^l) tf^ic>m^nmMt^(i^tjt< 

(Dm^mt^Mm^-^x. m^^mmi^tmm'^&mmt^tum&mLxm'^h. 
cit^«2] ±tzmi<Dm^Mti^, ±mpmmitm^mi^Mizmi.xm^ 

mmt^±mf3'^:BL\^izmmbx^^^m^-t^m^m2mm<Dmm:^m. 
CM^«4 ] ±m^pmjkxj^mmMt(^. ^Mti, Ai^in^Ga^_ 

a_bN (0<a^l, 0<b^l, a + b<l) Al^In^Ga^^.^ 
(0<c^l, O^d^l, c + d<l) tX&iJ, tf''D±mnm^iti^ 
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(o<e^i) fi^^^^A^^yrmt. ry\^-^(^GaNRx:^nm^m 

ml K-^b^cG a N(7)v^i'tl7(>^;t)^e>^Sl«m«Mi:, &^tf T«6S Srl^it S 

o 

m P M^fb^^^^M c^JtJcj^^SS 'i?«;<i:=fe> Al^In^Ga^.^ 
N (0<a^l, 0<b^l, a + b<l) e>^S#FMi: A 1 c ^ ^ d 
g! _ _ ,N (0<c^l, O^d^l, c + d<l) 

[m^^lO] ±tB(^pM^«^^^Mli> AlfGa^_fN (0< 

li, p«®i:^bT?^^$4xfeAlgGai_gN (0<g<0. 05) Mh, 
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t^Bmmicm^-^titaA ih^^i-h^ (o<h<o, DSii^^^^y, a 

1 1 SB«<^^-ft#^^#:^^o 
[0 0 0 1] 

2tc^^», ^3l&^«'>f:4-- (LED) , V-^^>(it-^^^ (LD) ^ 
_yN, O^x, 0<y, x + ygl) &Mt^fe^'f[:W^#:?§^*^<Z)$gi^;5^ 
[0 0 0 2] 

y'^T'pmmmoytm. xitwmmm^x$>^o ^^izmnm^h^yp^.^ c 

FET) (Z)J:e>«:«^7'A-r;^./^<D^5M%^#$tlTV^S. 
[0 0 0 3] 
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(MocvD) ^mmhXG aN^m^^-t^^y^U^Li^^l^i/^mtimm 

$tiTv%^. mz^y7^rmm^m\'^^m^it'^yT>(rmm±K6o org 

[0 0 0 4] 

[0 0 0 5] 
[0 0 0 6] 

So 
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[0 0 0 7] 

yy-f^^m^ l±iZ. G a NA^y :7tM5 2, TiMG aNztyjX ^ hM5 
nMA 1 G a N^^-/ KM5 4, I n G a N?S'f4M 5 5 , pMAlGaN^^^y 
FM56, pMGaNn>^^ hM5 7*^aM$tl, -eLT, pMG a N=I>^ 
^ NS5 7®±{Cttp«@5 8, aiy5^>^r{cj: ySffl3-&;fenMG a Nn>^ 

iirSr^lCJ: ij^^^g^gSr^^fbSlt-S r i:7&^T'$> I nifi^ifc$:/jN$ < i" S ^ 
[0 0 0 8] 

m^&^o $^{Ctt, h®;fcif(DG aN<Z)lSJ|X{Ci 

^ L < <£ T t- ^ V A e> ^ H S o 
[0 0 0 9] 

[0 0 10] 

mitm^mi^mt. Al^In^Ga^_^_^N (O^a^l, O^b^l. 
a + b ^ 1 ) tf^^^^^-^MilA Ic^^d^^l-c-d'^ (O^c^l, 0 

^d^i, c + d^i) f)^'i^^^mmmt^<pr£<ii%^tiA'?'^:pm^^^mir 



5 



ffifiE4t2 003-3052861 



4t2 002-276309 



m^mii^m J: y t ^ < , o ±um-^mmm d jb^/h s v mmm^Wi ^mt 
[0011] 

±izmm Lr=.m 1 (^m^m t mn^m^m<D^ 2 (Dm^m t^ift hxm-^mmm 
i^tmm^mmt^m^L. Jk^^x^^^mm^^^-t^^t>izLr^0x% pm 
^it'^^m^m0±iz it p mmm. ^vxmia^^r^n mmitm^mi*im<7)±iz 
itnm^m^m^-ts>ztit)^x^^. ztuzj:*). pmmtnnmn^Mmhx 

mW:t^Ztf)^X^^(OX. nm^^i:i^-^tLXm^<^^^^^Mir:S>Zt^^ 

nmt.f£^o ztuz^i). m^mmiz-js\,^x^m^iiii3<Dm^^mitm^mi^m^ 

[0 0 12] 

mm\z^ij^^-t^m^. mmo)^. m^tm^mi^M<Dipmm^tm^m^mmiz 
it3m^)}tijizj^t>^x&m}Z^tii)m<o mmis.mm<Dmm^Wimt>^m 
itm^mi^^^j^i<^\>^(Dx% mn^mm-^^mihm^m^mizm<3m*)mt} 
f^^<D&mjtij^frt>m'r^t>izj^^^:s>, -e®fe«?>> mm(omzi3n^m^tm 

[0 0 13] 
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^mmi^o^mmmmm. d & 5 v^ li/jN $ < -t s r i: t-, m^tm^mi^mo^ w 

I^B^MlK&-€-tl-?tlA, B, Cilbfe^^, rA = C>Bj %V<\t rA>C 

>Bj 

[0 0 14] 

mm u fc^(D^^m^mwm ^mmfiM^m u i: 

m-t^miz. ^itm^^mi^^Mit. m^mmwitmtm^mi!isimt<D^^^m^iz 
j:-Dx^cx\^^tz.^\m')mti&xj^&mmti^n-hm'totb. pmmitm^mi^ 

[0 0 1 5] 
[0 0 16] 

$e>{c, ^^mmm^mm't^mzm^'r^&mi^:tjRx:^mm*)mi]it. mm 
^tit=.mmizmmn^-r^>ii<DX\ m^tm^mmz^^^^:^^ - t^it$¥mziz^ 
m^im^mmmzmitm^mi^m ^^M-^ittMz^mmmw^mcDmiz ^ 
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[0 0 17] 

^eFtuvN, g^^^icii, iii^tjJ^2®^^j^^jS(?)-e:n^tiS:^fiK-rs^M35)^ 

[0 0 18] 

^^mit. A l^In^Gaj^_^_^N (O^a^l, O^b^l 

. a + b^l) i!)^^^^mti^^mi^m^iZm-t^^O)X\ A1 InGaN^T^ 

^m-r^o *l§Wf±, I nA 1 G a N(Z)4fc^S^*^e>figS^f^»i:, (J^fj^<t^ 

<5>vS'f4M^^L, 3 8 On m!;xr<DmuMmmznmiz^m-^m^jimmm^mi^ 

m'f(DmT^:^mX^^o ±ia©?S<iMt±, nAlGaN<Z)4 7cM^*^ 

-'^i^^<Lx^m&^iz^t>itr:zM'f'^^mM<DmnM^mmx^^tt^iz 
. mmmp^o^^m^Bimzu^ztiD'^X'^^o 

[0 0 19] 

^fe, mz3 8 0 nm&.r(Dm^mm(Dmn^mi^m^izi5^^xit. ±m^ 

^mm^<D-:^<D^mizmVX. Ca^Al ^-qN (0<eSl) 
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mtf£^o zcDM^f^^'^'^-tizm^mm^^^^-^x^m^^i^^^nizMK. 
mit<^^mi^myem'?'^i^izi5^^xit, mytii!,j]ti^¥mzm<. mma^xf^^^ 

[0 0 2 0] 

^■thiio\z\^tz.(Dx. m^^mm.t^mm^^wom^^^^mzm^\^tA 

[0 0 2 1] 

:^mn\t.. wM^m(D±.\z-^ib\z^ mmmm^Wi»x^Bi\K ^m^m 
mm\t. -^uwL^mh., ^<D±.\zm^-^^^mtm^mwt(D^i-^^^^mm 

STfe-Si:^, ]t«*Mi:nM^^^y FMiicDr^lcG aN:^)N?)A 1 ^Ga ^_ 
^l4»{i#{C, *g^'liS:[lI^'t-5MS:#oGaNS:;6'U?5:t^^SI^^€T*|g3^"tS 

s*^s i K-^®A 1 ^G a _ ^NTfe<5«-^, m^^mM^. ryy^-^tt^ 
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[0 0 2 2] 
[0 0 2 3] 

-So 

[0 0 2 4] 

0<a^K 0<b^U a + b<l) ;{)^^^^^t=^Mi:Al ^ I n^Ga ^_ 
(0<c^l. O^d^l, c + d<l) ■fy^^m^^^Mt^m^^'^ 

[0 0 2 5] 

mi^m^xit. ±mo^p^^^tm^mi^m\t. AifGa^_fN (o<f<i 

1 0 ffill^ 2003-3052861 



#2002-276309 



[0 0 2 6] 

mn^nmmizm^^nr^A igGa^.^N (o<g<o. os) i)^^0z^m 

KDvmny^^ hmt. ?S'(4MM{C?^^$tlfeA 1 jjG a ^ _ (0<h< 
0. 1) *^e>fi&<5ll2®n>^^ hM^*^^*';. 1^1 NM{i^2© 

pMn>^^ ie^-rL%AlfGa^_^N (0<f<l) T' 

^-g>>i^SliJ&<. GaNT*=fej:V^„ 3 tlld: p M=i > ^ ^ h Jflt P 

^:SM^lJt«?L'T|^J?^i?t<T%^V^*^e>T'^^J, pM^^^ ^ h®lCG a N & 

V > ^ T' « V ^ ej -e ^ ^ „ 

[0 0 2 7] 
[0 0 2 8] 

^t:i^^f£#fijs^^t.{c, ^ttM(DAl a^^b^^l-a-b^ (O^a^l, 0^ 

b^i, a + b^i) ti^^o:>^(D-m^L<it±^^^m.ui^xm^ji^^&Moyb^ 

[0 0 2 9] 



1 1 
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[0 0 3 0] 

Kkr. mm^mmLx:^^m<Dmm<ommiZ'D\^xmm-t^a 

mut. :^mmizm:s>mtm^mi^n^m^(Dmm:^mz:i3n^mmxm<^- 

4 ti)^'bm^rmm2^m^-t^ mi (a) > , mz. rmm 2 ±iznm^^ 

±<D±mmi!f^^^^f^i<^m^m9%:m^-t& mi (b) > « zlcit-, ^1® 

-^Ml 1 $:^®lC0figUfe^«'(4S«l OS:, m 1 ©g^-a-M9 h^2 <Z)M^M 1 

1 tf}mm-t^^oizfSL^mm^i(o±izmmL. Mms.miyxm^t^o 

[0 0 3 1 ] 

mz. mm-\tm^i 0 tm^Lr^m.^mmmi^mmmzmmL. ^^mm^ 

SrMm^-ltS (01 (d) ) . 
[0 0 3 2] 

1 3 $:^®{c?i^fig-rso mz. iyy^iz^ij^^m'f'^^y^^mz-^mi-^ 
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izm^^ntc.m^m^^ms^t-^'^x'^^ mi (e) ) , 

[0 0 3 3] 

mt-t^'^yr^^^ 7.tr^;u (MgAi ^(7)i,ot£mm^^^) . ^lx 

[0 0 3 4] 

Epitaxially Lateral Overgrowth) ^fCi: yijg^<4®lRl±Lfe^ft: 
[0 0 3 5] 

?>t)4x^®^^¥S{C^U#VN„ $^tc, 7.7^«y >^^t^lC:t >'T>y;l/$tlTV^^-^^• 
[0 0 3 6] 
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T'fe-Sc ^h\z. ±mw&L\z\%. Ag, cu, Au, p t e> 

mn-^tir^imi^j.±(D^mii, w, mo, c t , n i^(DMmmo)^mti^^Mm 

«ilLTli, Cu-WfeSV^^tCu-Mo«)^'a•^*$:MV^S3^l;^)W^bV^, ^ 

-^i^om^, Cu®-^:t^X7b^O<x^3 0a*%, Cu-Mo(D^-^^<Z)«^ 
, Cu(Z)-g'Wx75)^0<x^ 5 OMiroT'fe-SZlii^W^ H'^o *7^, Cu-^* 

S«(Z)^S«> St^'ffiS:]S«><5fe«b5 0~5 0 0 /im;?>W^ bV>o 
[0 0 3 7] 

V^. pS^lCli. Rh, Ag, Ni-Au, N i - A u - R h O^tD^R h - I r 

pM^'fb%4^^^jS<Z)if{S^ffi{c?^^f L/V^o p«#<Z)^$ 
{i, 0. 0 5~0. 5 fimtj^tS-thW 
[0 0 3 8] 

<Dumm^mi^-t^^tm^L\^\ z-cDummo^umzit. siOg, Aig 

O3, zrOg. T i o 2^7^)^e5^K■5>#SllIfe'2)V^^i#ji)^$:Mv^^r ii^^-e^ 

<&, S^tC, ^(iD^Mm®±lCA 1, Ag, Rh^<D]«Mftf^<Z)^MI^&?^^b 
[0 0 3 9] 
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^tl'etl, Au, Sn, Pd. I n^(D±mtf'^^^o m 1 &ZJ^m2 (Dpi^ 
m^mom-^'im. Au-Sn, Sn-Pd, Xti I n - P d t V>„ S A, 

[0 0 4 0] 

^-r-sMT^fe^j, Ti, Ni, mRx:^Mo<D\^-fnti^(D^mti^n^h\\ 

[0 04 1] 
[0 0 4 2] 

mmt^]^^L fc^. L fcgfbife^##:jf <z)«® CM p Lxmm(Dm 



1 5 



ffi|iE4t 2003-3052861 



#2 002 — 276309 



[0 0 4 3] 

m(D±Kmn^mu^m^t^o ^?cv^T% ^^mm^<Dr^Momm-^tix\>^fjt 

[0 0 4 4] 
[0 0 4 5] 

ttc. nmmtm^m<ii^mo:>miiimiz^^-t^nmmi>z\t. ti-ai-ni 

-Aufe-SVNOT-A 1 -W-P t -AxKD^mnM^m^^^^Hf^X^^c n 
nm(Dm^it. O. l-l. S >tim:<)W*bVN„ tt, n«^iJ^^<7)®ffi®$:S 
e)J:^lC, SiOg. AlgOg, ZrOg, T i O g ^©^fi^-ffi^^^M^tS; 

[0 0 4 6] 

pmmnnmmit. mitm^mi$.m'fo-:^(D^mizi>mm^\ ^is(d 



1 6 
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-So 

CO 0 4 7] 
[0 0 4 8] 

AyyrMstLX^t. G a . A 1 ^ _ . N (0< i ^ 1 ) ti'^fji^^itm^ 

yrMO^mmit. ^tL<itO. 0 0 2~0. 5/*ni. j:*;^?* L<liO. 00 
5~0. $ e>{C^f * 0< liO. 0 1—0. 02;am7?feSo AyyrM 

O^^Umiit. ^?^L/<{i 200-900 X:, J: ^;^SF^L<ti 400-800 
T'fe-So 

[0 0 4 9] 

l^U^^M 4 i: b T li, * b < li T > K- ^® G a N 3Z. n S^M^ 5: K - 
^bfcG aN$:Mv^SZ:^:Jb^•r•^S3 lSM;^McDmJ¥l*, 5 0 0AJ^^±, i U 
b<li5 /imJ^A±, ^^tC^f*b<lil 0 /iinJ^JiT'feSo ^7^, 

9 0 0-1 1 0 ox:, ^ft b<til 0 5 OrjSi±T'ife€>o 
[0 0 5 0] 
(nM^^^y KM) 



1 7 
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V%*^, AljGaj^.jN (0<j<0. 3) jbWt ZZX\ $ fbiZlff-t 

L<it, 0. i<j<o. 2T'fe^, nmi^^y }^Mommitmzm&^ti^^ 

0■e{iJ&V^*^ ^f^L<«0. 0 1-0. l/ttm, J:»;^f*b<liO. 0 3-0 

(DXitf£^^tiK ^?^t<lilX10^''~lX102°/cm^, J;U^^L/< 
1X10^^-1X10^ tfz. *|g^{Cj3V>Tii, 

L < 1 M m~ 5 ;ci m h -g) „ 
[0 0 5 1] 

^a^l, O^b^l, a + b^l) *^^^S^f^M^> Al^In^Ga^_ 

^_^N (o^c^i, o^d^i, c + d^i) i}-^^^^mmmt. ^#t?* 

A 1 I n ^ G a ^ _ ^ _ ^ N (0<a^l, 0<b<l, a + b<l) A 
l^In^Ga^_^_^N (0<c^l, O^d^l, c + d<l) 7?feSo 

[0 0 5 2] 

X li n M^Mti K - ^'fb M V ^ 3 i: C j: 'J ^^^^ $: ]Sm;^;^b-r 
[0 0 5 3] 

ffiBiffi(©{gT$:Ei'6 zt.f)^x^^. f^pmmttift b<iii m&.±4 i^y,Tx$> y 



mSE#2 003-3052861 



#2002-276309 



[0 0 5 4] 

-&S7!)^e>T?fe-5>o A 1 I nG aN(Z)47t;tg^T'«^M«l^?g/S*^:A:%<;a:S 

o 

[0 0 5 5] 
[0 0 5 6] 
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CO 0 5 7] 
[0 0 5 8] 

afi, =foU<li-€-ti<l: ymv^?^:RS:#St)®T'$>';, #lC?«t;R 3 8 0 n mJE^T^Iil 
3fe • mmtl^'^m^JtAy KdSi^y^a:4^;i/:^~S::St-S%®T-2>Sc ti^Jf^O I nG 
eLN(D^PM(D^'^. GaN(DAy K^-^ y :/x:^;i/:^-T*fe-5M;S 3 6 5 n m 

[0 0 5 9] 

rrX', ^FMlCMV^e^nS I n A 1 G aN(Z)4 7nSH%lCfelt-S I nffi^J;bb 
«^tL<a0. 0 2JeJl±0, l&.r. i:U^^b<li0. 03je^±0. 05 
J^TT'S>-So I nMibbcDTPI^rO. 0 2J^±h^-5^i:tC J: U 0. 0 2*?^ 
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5o 

[0 0 6 0] 

^7^:, #^«{CfflV^e>tl•S I n A 1 G a NO 4 TcM^lCfctt-S A 1 $I^Jt a « 

:fx:^5.;i/^-S:^WS^-^{CliO. O 2a±. ^ibiZG aN0Ay \^^-^vf:r. 
:^)\^^-X*^^m-&S 6 5 nmJ^^TO^-^tCliO. 0 5 a±*"^^f * L V^o 
[0 0 6 1] 

2 n niJeJl± 2 0 n miJJlT> S^lC^^U<li3. 5 n mje;± 2 0 n maTT'^S 
, 1 nInJ:U/^Sv^i:#:RMi:bT^^f^ci^|gi^:T, 3 0 nmj; U:A:#v^i: I n 
A 1 GaN04 7t:2i^®^S'fS*^<STb^^#14*^<£r-rS*^e>T*feSo ^fc, 
2 nmJ^±T'ttl^J?JC:^^^t?b*^^<i:fc^fl<f*^-«:J^M(^>»*^#e>tl, 2 0 n 

[0 0 6 2] 

[0 0 6 3] 

mmm) 

&'f-npmm<Dm^Mizi5\<^x, mmm^)^pmt^s.izmmLx%0k<. i 



mii#2 003-3052861 



i^2002 — 276309 



[0 0 6 4] 

^.STS,-2>o LEDT'tt, 5Xl0l Vcm3eA±2X10l Vc 

m3^^T7iWtbV^. ^fc, ]^m;^(^LED^LDT'l4, 5 X 1 0 ^ / c m ^ 
J!J*±1 X 1 0 2 O/cm^OT, J:';«^*b<lil X 1 0 ^ V c m ^ 5 X 

[0 0 6 5] 

[0 0 6 6] 
[0 0 6 7] 

nm&.rmmr'it. mmmiz\t-m^Ai n a ^_ (o<c 
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^1, O^d^l, c + d<l) T'lS^^tlSAl I nGaN04 5T:M^. X\t 
AlGaN<7)3 7cM^^MV^S3i:7!)W*bV^, nmmO) A I M^it c It. 

(d>o), mm^itdito. i&.r. x^)9fth<no. 0 5^:AT-efe^, 

[0 0 6 8] 
[0 0 6 9] 

iU^*b<li2nniij;Jl2 0nmP:^TT'fe^o 1 n mi U V^ ili^-^^^A'^ 

[0 0 7 0] 
(pM^^^y KM) 

v^^^v FM7iibTl*, ^ttM6(D7i>F¥^^y:/x^>'^^-'i^'J^^< 
?s.ftM6/vO!)^^UT«)BBCii«)*^T'^S%(©t'&tilWlcm 

^Stl^^VNTb^, Al ^Ga i_i,N (0^k<l) *^«V^P>tl, #ICA1 j^Ga 
(0<k<0. 4) *W^bVx„ - <fcy^*b<li, 0. 1 5< 

01-0. 15Atm, J:y^f*b<ttO. 04-0. OSAmT'feS. 
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9 y p m^W^^mit. IXlO^^-lXlO^^/cm^, 1X10 

^ ^-5 X 1 0 2 0 cm^T'feSo pmi^m!^mmti^±m(Dmmiz:&^t., 

[0 0 7 1] 

N (O^Kl), Al^Ga^_^N (0^m<l, m>l) ff^m^f ^ tl ^ . 
ttlOOAJStT, <}: tI^?*L<tt7 OAjgilT, S ^IC^f * b < 1 0 ~4 0 A i: 

[0 0 7 2] 

(pM3>^^ hM) 
piKn^^^hMSli, AlfGa^_fN (0^f<l) f^^m^^ib>i^. #{C 
, AlfGa^_fN (0<f<0. 3) l^mm-t h Z. ll\Z ii ^} - ^ v ^ 
9 ^y ^n>^iJ7 h*^«rtgi:^'5= pM^M^^aMlii x i o ^ 

[0 0 7 3] 

pMn^^jf^ hJiSli, ^«<S««ffi!lT'pM^M#»t§^;<)^]S<, A^o, 

i±Tt;^v>o P§?=i>^^ hM8 'y ^«^9 pM^ 

ltMS*'5W< A UI^git(^i£v^^l«)pM^>^^ hM i:, pM^M%jiM*^ 
<g< A lMm(Z)lS^^^^2<^)p^I2>^^7 hMi:T'«ljEK1-sz: t^T-^So Hi 
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b ji ic J; y e ai^flx & RSih-r s ^ i: ^'^^ti 'Si ^ , 

[0 0 7 4] 

mio^m^y^^ hm(Dmmt. AigOa^.gN (o^g<o. os) 
i)^0t.b<. j:y^*b<ttgA'^> o<g<o. oiT'fe^o Aimmittf^±m 

^mmmmt. ^*b<iiixioi9~ixio2 Vcm^ j:y^^b< 

li5Xl020~5Xl0 2 Vcm^T'^eo ^ 1 0) p > ^ h Jf 

Ol^jyii, ^^b<lil00'-'5 0 0A, ^^)0^h<ltl SO'-'SOOA-efe 

-5 = 

[0 0 7 5] 

^fe, m2<Di>m^y'5t^ hmo^mmt^ Alj^Ga^_l^N (0^h<0. 

l) *W*b<> J:U»^b<lih;()\ 0. l<h<0. 0 5-efe^o A 1 

, J:y^^b<li5Xl0l«'-'5Xl0l Vcm^T'&So * fe, ^ 2 p 
§5=3:/^^ hJSOliJ^li, ^^b<li4 0 0~1 2 0 0A, i:U^^b<ld:80 
0~ 1 2 0 0 Al^feSo 
[0 0 7 6] 

mmm] 
mmm i . 

^^mmilRiiLr, ^yr>(^ (c®) i y«;sa«^MVN, mocvdm/^J 

[0 0 7 7] 

(T%ii) 

A'^y7TM:^VNT, TK^^ffl^tf, 5 1 O^T'r>^-Ti:TMG (hU^^ 
;i/*'V':7A) S«_hlCGaN J:y;5iSA^v7T«2S:J!^l2 0 0A(OI^J? 



2,5 
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[0 0 7 8] 

1 0 5 0°ClCf^ofce>, mnii^iZTUG. T>^-T&«VN, T> K 

[0 0 7 9] 
(nM^^-y KM) 

^XtC, 1 0 5 0°CT'TMG, TMA, T>^^T, i/^>S^V>, S i 5 X 
lol Vcm3K-^bfcn§?Alo, IS^^O. g 2 ^ ^ ^ 
KM5 & 4 0 0 A(Z)Ej¥"e?^^b^o 
[0 0 8 0] 

TMG. TMA$:mv^, SIF-^OAIq^ l^^O. g N J: U ^ I^MM> 
^, mmM(D^2 00 A. ^MM(D^(D^4 OA, ^fFM® i:®^ 7 0 A(0)1J? 

T'?^fi&b7bo ^'i4Mii, mmmm^ 2 0 A(D^mm^^:^WM (mqw) ii^^s 

o 

[0 0 8 1] 

(pM^^^y KM) 

r;?ClC, ;!K^#ffl^>4^. 1 0 5 0°C-eTMG, TMA, T>^-T, CPgMg 
(>>^D/<>^i^'X-;i/-7^:^^i/'i^A) ^mv^, Mg5:lXl O^O/cm^ K 

[0 0 8 2] 
(pM3>^^ hM) 

^V^T, pM^^^^y FM±IC, TMG, TMA, r>^-T, CPgMg&M 
VN-C, Mg$:lXlol9/cm3F-:^bfcAlo^ 0 4*^*0. 9 6 ^ «fc 

2 6 taU^ 2003-3052861 
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4S:M^bTMg& 2 X 1 0 2 Vcm^ F-yL.feA 1 0. oi^^O. 99 
[0 0 8 3] 

>^&^VN, pMSS:^ ^>^-'(B®^^^^^^^^• 
[o 0 8 4] 

m 1 (om^M) 

)^S:mjP2 0 0 OA-r'?^fi&bTp«@ilbfeo ^ ^ T:^-;^?: 6 

[0 0 8 5] 

r^lC, p«M(0±tC, Ni-Pt-Au-Sn-Au(D#Mm$:> 2 0 0 
0A-3000A-3000A-30000A-100 0 AT'^^^b^Co ZLrT' 

[0 0 8 6] 

2 (Dg^-a-M) 

^m-ffi^^ilbT, liJ?*^ 2 0 0 A* mT^ Cu3 0%i:W7 0%<D«^ 

000A-3000A-1200 0 AT'J^^bfeo 
[0 0 8 7] 

2 7 miiE^ 2003-3052861 
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[0 0 8 8] 

KM ®A 1 G aNJSTb^Mffi-r^tT'WIgbT, ®^4x&M< bfe, 
[0 0 8 9] 

nMnV^i^ hM±lC, Ti-Al-Ti-Pt-Au*>b^S#»« 
MS:. OOA- 2 5 0 0A- 1 0 0 0 A - 2 0 0 0 A - 6 0 0 0 AT'^fiR 

«®MlCp«=SM<3D/^^y K«^Si; l-'t, T i - P t -Anfi^i^^^^mm^ 1 
0 0 0A-2 0 0 0A-3 0 0 0AT'figl^bfe. r^^ClC S/^^tC J: tJ^^& 

[0 0 9 0] 

ICBVNT, 3 7 3 nm(Z)^^^3^«:5tb. m:^tt4. 2 mW, V f 3 . 4 7V 
[0 0 9 1] 

[0 0 9 2] 

Mm^^. ,S^2 4 8 n^l(Z)K^Fxdpi/-7l/-if&MV^T, ffi:^ 6 0 0 J / c 
m^T', l/-if3t& 1 mmX 5 0 muKDmm^bX ±.m<DRMm±M^^^'^ y 

[0 0 9 3] 

2 8 tfilE^ 2003-3052861 
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3nmT'&»;, Vf}i3. 4 7V, ^3feffi;?7ti4. 2mWT'feofeo Se)^C, M 
[0 0 9 4] 

lliiiM3. 

[0 0 9 5] 

z(D^m<Dm^tm^miiiiim^^-mizmmm^m'fx. i-^vfr-vy^x^tz.. s 

& S o 

[0 0 9 6] 

USSM 5 . 

W#W^cfe^^T*m#a^t^', 1 0 5 0'CT'^®Ot5^U-->^^S:tfofe. 
[0 0 9 7] 
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[0 0 9 8] 

mu^^m:^^yyrm^^^> tmg(d^^±i^x. i o 5 ox:*t'± 

1 0 5 0-Cic;aiofc&, ®J|SF;i/XlcTMG, T>^-r5:ffiV\ r> K 
-:/G a N J: U ;5;SlSmfi^iSO^^I:^^^^^^ 5 m^MffT'^SSit^Co 
[0 0 9 9] 

r^lC, lOSO-CT'TMG, TMA, r>^-T> i/^>$:^VN, S i 1 X 
10^ Vcm^F-T/bfcnMAlo. a^ao. 7 N J: U nM^ ^ F 
M5S:2. 5 At m(D)^J?;"ej^^bfeo 
[0 10 0] 

TMG, TMASr^VN, S i & 1 X 1 0 ^ ^ / c K- >^bfc A 1 q. o8° 
ao g 2N<kU3&^ltMJf, ^®±ICT>F-^(^)I l^aQ. 9 N J: 

A, jf^M(Dil(Di:®^-?-^-^^8 0 AcOl^^T'J^fi^Ufc, |^M®®<^^T>F 
-^ilbfeo ilil^J^JMJl 7 0 0A(D#«*^?f^«l5t (MQW) HfJ^ 

[0 10 1] 
(p^^^xy KM) 

r^lC, >!Kf^#H^'f. 1 0 5 0^-eTMG, TMA. T>^-T, CPgMg 
(i/^n^>^i>'3i^;i/V^:^i/'i7A) S:MV^, MgSrlxlO^O/cm^F 

[0 10 2] 

3 0 ffiliE^ 2003-3052861 



#2 002-276309 



m^x. vmi7^v}^m±K. tmg, tma, ry=e:=-r. cpgMg^M 

V^T, Mg^rlXlO^ Vcm^K-T/bAcAlo. 07°^0. 9 3 ^ *J 
75^-5^2 (?[) pM=r>'^ ^ ^«5:0. 1 a m(7))^mT'^SS1t> :^f;^C3?iK 
»$:^^bTMg$:2 X 1 0 2 Vcm^ F-^bfcA 1 0^ Q^GaQ^ 93 

[0 10 3] 
[0 10 4] 

1 (Z)^^M) 

|^5:mJ¥2 0 0 0 A-e?^fiKbTp«^ilbfeo ^<^^. ^ ^ T--;!/ 5: 6 

0 o-cT'^?ofc=^, p«ii^:A^(Z)sm®ic^^'i4(D^«ms iOg^i^i^o. 3 

[0 10 5] 

r^JC, p«ffi<DJ:tC, Rh-I r-P t®#Jilli^?^fi^bAc. 

[0 10 6] 
(||2<Dgg'&®) 

^affiS'^ilbT, |^JP*^2 0 0 ^mT', Cu3 0%i:W7 0%(7)«^ 

000A-3000A-1200 0 AT-J^figbfeo 
[0 10 7] 

[0 10 8] 

3 1 2003-3052861 
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MWii-^^ ?^:R2 4 8 iim®Kr FX^2/V^-ifS:«V^T, ffi;5 6 0 0 J / c 
^2^,^ ly^^yt^ 1 mmX 5 0 mm(Z)i^^{C bT±IH®;K«ife® 5:;^=Sr^ > 

.3 0 • ' 

[0 10 9] 

S;K(;)K®^Cp«^«(7)7^•^y FM^lbT, T i -P t -Au - S n-Au*>e> 
^S#M!li&2 0 0 0A- 3 0 0 0A- 3 0 0 0A-3 OOOOA-1 OOOA 

[0 110] 

#e,nfeLED^^li, -b-.fX*nmmX ImmT'feU, |lR:&l^««fS 2 0 m A 
^Ci3V^T, 3 6 5 nm(Z)^^1^|g3t&^b, m;^l±2. 4 mW, V f li 3 . 6VT' 

[0 111] 

^^ffi»«i:bT, ^yr4^ (C®) J: U ^^S««$:MVn, MOCVD^Jt; 
[0 112] 

3 2 £BliE# 2003-3052861 
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[0 113] 

A^y7TM^;S=^. TMGCD^^^&ih«?)T, 1 0 5 0 "C * T'Ji#Sii:, 1 

0 5 0t:iC7&ofce,, MJ|Sf;«/>^lCTMG, T>^-T, S/^>S:MV^, S i *n 
X 1 0 1 ^/ cm 2 K-^bfcnMG aN J:';^SnM3>^^ hM^ 5 m<Z) 

[0 114] 
(nM^^^y KM) 

r^tc, 1 0 5 0°C-eTMG, TMA, T>^-T, $/^>%MV>, S i $: 5 X 
1 0 1 Vcm^ F-^L^-nMAl 0. is^^O. g 2 ^ <fc »J ^ 
KM5 0 0 A(D!liJ?'e?^fi^L/fe. 
[0 115] 

?:klC, ^am&8 0 O-ClCbT, igfif;«/>^lCTMI, TMG. TMA&MV^, S 
i K-^<OGaNj:U^di-i>I^MS, ^(D±{CT > F- ^(^ I n G a N J: U ^^S?? 

|@MM5:2 0 0A, ^|:^JSS: 5 0 A<Z)MJ?T'?^fiRbfeo 7 0 

0 A(D#m»T-#F«^ (MQW) i:^So 
[0 116] 
(p^^^vy KM) 

r^lC, 7K^#ffl^*. 1 0 5 OXJT'TMG, TMA, T^^-T, CPgMg 
{iy^U^y^V:J^=-)\y^^^t/^2^) 5:mv^, Mg&lXl O^O/cm^ K 

[0 117] 

3 3 miiE#2 0 0 3 - 3 0 5 2 8 6 1 
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!^V^T^^^y Kjf±lCTMG. T^^-T, CP2Mg$:ffiV^T, M g ?: 2 X 
10^1 /cm^ K-^bfcGaNJ:»J^SpM3>3f^ hJfSrO. 1 5 m 

[0 118] 
[0 119] 

J^&1^^2 0 0 0AT'?^fiKbTp«ffii:bfco >r-^^y^T--;V$:6 
[0 12 0] 

P««(Z)±IC, Ni-Pt-Au-Sn-Au(Z)#®m$:> mff200 
0A-300 0A-3000A-30000A-100 OAT'J^fiKbfc. rZlT' 

[0121] 
(||2<Z)^-^M) 

#«ffi»«ilbT, I^J**^ 2 0 0 yt* m-e, Cu 3 0%i:W7 0%(0«^ 

0 0 0 A- 3 0 0 0 A- 1 2 0 0 0 AT'?^^bfeo 
[0 12 2] 

n^m^H^. t:->5t^a|g$:2 5 0°CT':/l^Xi)nffibTMJ±^b^Co rtilCj; 
^l®^^^?^fiKjii:ll2(Z)^^a?^figM(D^MS:avMCfjSiC$i±T^^$:?^^ 

3 4 mil# 2003-3052861 
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[0 12 3] 

Moy^MM^^^. i'^;^2 4 8 nmc^K r FxdrS/Vb-if SrMV^T, miJ 6 0 0 
J/cm^T^ U-if3t^ 1 mmX 5 0 mmCDliH^tC LtilB^^S^®^® 

[0 12 4] 

7kiZ. nm^y^ i7 hm±lZs T i -A 1 -T i -P t -Au*^e)^.5#M« 
I^JPl 00A-2500A- 1000A-2000A-600 0 A"???^^ 
UTnMiltfco ^(0^, 1 0 0 /^m^T'fflibfe^, 

«CD«lDiCp«1iM(7)A°-; K«^i^LT. T i - P t - A u t!)^ ^^-S^MM?: 1 
0 0 0 A- 2 0 0 0 A- 3 0 0 0 A-^figJ^LT^:. ikiZ. i/y ^iZ,j: VM^^ 

[0 12 5] 

#^tlfeLED^^tt, -9->rX*U mmX 1 mmTfe';, )li:)5'fnJ«§S 2 0 m A 
{CfeV^T, 4 6 0 nni(DW^|g3^§:MU7^o 
[0 12 6] 

[0 12 7] . 
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IC^ m® Icm^t^S i: U T Y A G & b S i o 2 s =1 - ^ ^ > 

So 

[0 12 8] 

iJ-7r>r^ (C®) J:y^^S««$:«V>, MOCVDMiS 

^lll^^cfev^T;^c^#ffl^*^ 1 0 5 0x:T'^®®^u-->^&^fofco 

[0 12 9] 

A^y7TJi:^V^T, 7K^#ffl^*. 5 1 0 T'T > ^ -T TM G (hU^^ 
;V;!fy^i.) S:MV^ ««±ICG a N J: 7tM2 $:J^2 0 0 A<Z)mj? 

[0 13 0] 

lSia^«M:/^'^v7TM^S^. TMG(Z)5^$:ih«?)-C, vS^?: 1 0 5 0 °C ^ T^Jl 
1 0 5 O-ClCJ&ofce), MM^^ICTMG, T^^-T^t^Vn, r> K 

[0131] 

M^M^M : i«mfig«MfK«m. Se,(C^«g<7)^aftT% mi4**^iCTMG, TM 
A, T>^-TS:«VN, mfiKM^AlGaNS5:0. ^ n^OWM-^^^^"^^- 

fci?)(D%CDT% T>K-^©GaN*Ne>S i %1 X 1 0 ^ ^/cm^ K-^bfe 
nMAlo. OT^^O. 9 3N^T'Aia)m.1,ibilSi©F-^*2l^^^lC 
:^^< bTJ^fi&bfeo 
[0 13 2] 

(nM^^^y KM) 
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mz. 1 0 5 0°CT'TMG, TMA, T^^-T, >>^>S:MVn. Si^lX 
10^ Vcm^K-ytfcniKAlo. 07Gao. g 3 N J: U nM^ ^ 
»yFJi5&2. 5 i(i nK^j^^T'J^fifebfeo 
[0 13 3] 

TMG, TMA^MV^. Si&lXlO^^/'cni^ K-^LfeAlo. 09^ 

aQ g^N^y^sKMS, ^a)±icr>F-:3^®i Hq^ 0 1°^0. 9 9 

0 0 A, ^fFMa)iiCDi:(D?:^ti-?ti6 O A(Z)mffT'?^fi&bfc, |^MS®©*T 

[0 13 4] 
(pgg/r^vy KM) 

7K^#H^*> 1 0 5 0"CT'TMG, TMA, T>^-T. CPgMg 
(£/i^n^>^t2;x^;i/-v'^^i/':7-^) $:MV^. Mg l X l O ^ 0/ c K 
-■fhtcAlQ^ SgGao^ g2NJ:»J^^SpM^^^vKM7&2 7 0A®m 

[0 13 5] 

MV^T. pM^^^yKM±lC, TMG, TMA, r>^-T, CPgMgSrM 
VNT, Mg^4Xl 0 1 S/cm3 F-^bfcAl 0 0 7G^0. 23^^'^ 
75i-&^2CDpM3>^^ hM?:0. 1 ^m(Z)mJ»-e^ig«Si±. ^(^^^ ;«f>^<^tiS 
»SrMMbTMg5: 1 X 1 0 2 °/cm^ F-^bfcA 1 0. Q7Gao, 93 
NJ;UJ&-6m2<Z)pM:3>^^ FS&O. 0 2 nmommr-m^^'^tc.. 
[0 13 6] 

^S^T^> ^^^H^-, ^:c^^^^mm^\HiZiS\^X. 7 0 0iCT'r--U 
[0 13 7] 

37 ffiiiE#2 0 0 3 - 3 0 5 2 8 6 1 
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1 (Dm-^M) 

[0 13 8] 

[0 13 9] 

(|^2a)g^-^S) 

^S14S=Ki:b"C, l^j^7t)^2 0 0 M^l-e> cu i 5%i:W8 5%®^^ 

000 A- 3000 A- 1200 0 AT'J^^L/feo 
[0 14 0] 

[0 14 1] 

tSS2 4 8 nm(Z)K^FX^e/Vl/-tfS:MV^T, 6 0 0 J / c 
T% I/-- 1 mmX 5 0 mmCDf^^/^iC bT_LfH®S^®^M5:^=3p^ > 

3g|g{C;&^*T'WlgbT®mtiS:M< bfco 
[0 14 2] 

(nmm) 
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-Sn-Au*^e,^^^MM^ 2 0 0 0A- 3 0 0 0A-3 0 0 0A-3 0 0 0 

oA-1 oooA-Cfi^KUfco r^ic, ^^>yy^K^^}m^^^mht^. n«M 

tvnmit. ^n^n0^m^mmm(D±m\z%^r^^mcm^i^r:^<. ^^^^ 

o 

[0 14 3] 

1 s e) hWim^nm (do i:lCoV>T5tbfe%<^T'feSo r^^^l*, ^MT' 

7^•;^;^sm5 0 omA (7i;b>^ilii2 a* s e c T^^-T^-r-iyo) ^cfev^T> 3 

6 5nm(D^^^3^S:5^U m;^Jlill8mW, I|g|&«ffi4. 9 V, ^m^m 
SP,lC^MT'ii:$^«^5 0 0mAlCfeVNT, 3e5nm(Dm^m 

[0 14 4] 
i:b«^M 1 . 

^^mmmtbx. ^yr4^ (c®) y ^^s^«&Mv^, Mocvo^fS 

^^|^(Cj3VNT7K^#H^*> 1 0 5 0°C-e*®(^^U-->^*$:^fofco 
[0 14 5] 

A^yyrM-.'m^X. *^#ffl^*, 5 1 OiCT'r>^-ThTMG (hU^5- 
;b^'J'^i.) §:MVV S;iS±lCGaNj:»J^^eA^y77M2S:5Ml2 0 0A(Z)!^m 

[0 14 6] 

3 9 2003-3052861 
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1 0 5 0t:iC;&o^cb. m!^;«f>^tCTMG, r>^-T?:mv^, T> F 
[0 14 7] 

m^mm : Mum^M^^^^ -^^^mmo^umx. mm^^i^TUG. tm 

fc«b(D%(DT'. T>K-^^DGaN:^)^P,S i 5:1X1 0 ^ ^/cm^ K-^bfc 
nMAlo. 0 7Gao. 9 3 N ^ A 1 (Z)m.-.i:bi: S i (Z) F-:^Si: 

[0 14 8] 

(nm^^V FM) 

?:ktC, 1 0 5 0°CT'TMG, TMA, T>^-T, i/^>5:«V>, Si^lX 
10^ VcmSF-^b^cnMAlo. 07Gao. 9 3 N J: ^ 'S^S ^ 
^yFJS5S:2. 5 /ti m<Z)!^j*"^?^fiKb^" 
[0 14 9] 

(vt&'14») 

?^IC, ?a«5:9 0 0°ClcbT, »^^^tCTMI ( F U ;*^;i/-r > i^^-^? A) , 
TMG, TMA$:ffiV^, S i 1 X 1 0 ^ ^ / c F-^bfcA 1 q . qqG 
a© 9 iNJcU^-Sl^MM. ^<^±1-T:^F-^<©I Ol^^O. 99 

FJi(D/l«MM®©|iiic«Mbfc. r®^, |$MJf®ii®i:CDi:®^^ti^ti2 
0 0 A. ^t:^®®i:©i:®$:^ti^n6 0A(Z)Mj*-r'?^^bfeo |^MM®C0^5^T 

[0 15 0] 

(pM^^^y KM) 

(ty^U<y^P:r.-)V'7y^iyry2^) M g 1 x 1 0 2 0 / c m ^ F 

-:^bfcAlo, SS^^O. 62NJ^y^^^P^^^^^^'®''^2''°^®^ 
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[0 1 5 1] 

V^T, Mg $:4 X 1 0 ^ ^/c K->^bfeA 1 07^^0. 93^*^ 

A^riHlliLTMg?: 1 X 1 0 2 K-:/LfcA 1 07^^0. 93 

Ni *;«;-5^2<^p^=r;yiJ?^ hMSrO. 0 2 m0|^jp-^fiK;RS-&feo 
[0 15 2] 

[0 15 3] 

(«^) 

n«aS:?^^t- 'g)fe«)<^)®5:IS:{t, II2 pMn>^ ^ hM±{CR h«@S: 
, SmbfcnMi'^'y KJi±lCT i -Al -N i -Au SrJ^^bfe, 
[0 15 4] 

#?j4xfeLED^^tt, BI5® (a) C^'tlg^fe;^'^^ h;b2:^bfco 
Mg tCiioT^iitlfell^X/^^ h;i/{illI5c7) (b) T'&U, GaN<Z)Mjb«, 

[0 15 5] 
[5&^®^*] 



4 1 
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fji < , sc^'ft izmntc-mtm^mi^m^ & m^t ^zn f^-^m tfj:^o 

[0 15 6] 

m^(DV f ?>lc<gTSii:Sr ii^^^t^i^^^- 
CO 1 5 7] 

[0 15 8] 

^fe. :*:|§0^c7)SJf5g:5^^«. ?S'I4JS^> I n A 1 G a N® 4 TtiM^A^^fi^S^I^ 

^Sii, />>75;< i:%A 1 i^^tim^t<^'^mm^^^^n^^^^'-^'^^< ^^^^ 

[0 15 9] 

(0<e^l) *^e,fi&^/^^y7T®i:, r>K-^(7)GaN;5LtJ^nM^M 
[0 16 0] 

[0 16 1] 

4 2 ffiSE^ 2003-3052861 
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[0 16 2] 

[0 16 3] 

pM^<f:ti^#<^JS:^)^> Ai^Ga^. 
f N (0<£<l) *^e)^RSpMn>^^ hMS:^t^ie>l-l-fc(Z)T% p«@^i 

[0 16 4] 

Ji {c i-t ^ e a IS iR ^ ih.-t S ^ i: *^ «I «i ^ ^5: 5 o 

[0 16 5] 

^il^bT?^^SnAcAl gGai_gN (0<g<0. 0 5) MH. rS'ffiStI 
iCJ^^StlfcAl^Ga^.l^N (0<h<0. 1) MHi^^^^')^ AlgGa 
^_ NMl^Al ^Ga ^ _ j^Njf J:yiSVNpM^M^a>S&^-tSJ:e)lCbfc 

o 

[0 16 6] 
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[04] :^mm Km^^^tm^mPifim^<Dm^ ^^-rm-e^^o 
(Dm-^m. 10 #«'[4»^> 11 m2(Dm^m. 12 n«@, 13 p« 
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[02] 




n-Alfl^Gaa„N contact layer 



MOW active layer (Spairs) 
p-Ala3»GaM2N clad layer 
p-Alo.»7Gao.„N contact layer 
Rh p-type electrode 
Au/Sn 



CuW Substrate 



2 
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m m A M M # 



mWm^ • coo 0 2 2 6 0 5 7] 

1. m^^BB 1 9 9 0¥ 8^ 1 8H 

^ m ^amH^rfJ±ttJBTIfi94 9 1#«S1 0 0 
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